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PREFACE 


This  publication*  presents  results  of  an  R&D  project  funded  by  DCA  and 
carried  out  by  the  Institute  for  Telecommunication  Sciences  (ITS),  Boulder, 

CO.  This  effort  involved  the  collection  and  analysis  of  propagation  data 
from  several  digital  line-of-slght  microwave  links  In  the  Digital  European 
Backbone,  Stage  I.  Concern  for  the  presence  and  effect  of  frequency  selective 
fading  on  DCS  digital  links  prompted  this  project,  as  well  as  a  series  of 
other  related  projects. 

Readers  who  have  comments  or  questions  regarding  this  report  are 
encouraged  to  contact  the  author  directly  at  ITS  or  Dr.  David  R.  Smith  at 
DCEC,  Code  R220,  (Conmercial )  703-437-2085,  (VON)  364-2085. 


*  This  publication  is  the  third  in  a  series  of  DCEC  reports  on  frequency 
selective  fading  and  its  effects  on  DCS  digital  transmission  system 
performance. 
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SELECTIVE  FADING  ON  8  GHz  LONG  PATHS  IN  EUROPE 


Laurance  G.  Hause* 

This  report  presents  the  description,  analysis  and  results  of  a 
set  of  measurements  made  to  obtain  statistics  about  the  distortion 
of  the  frequency  spectrum  amplitude  across  the  IF  band  of  a  3-level- 
partial  -response,  digital  1 ine-of-sight,  microwave  radio  system.  The 
length  of  path  was  about  90  km.  Results  show  that  for  1 ine-of-sight 
systems : 

1)  Large  values  of  distortion  (1  dB/MHz)  were  observed  during 
multipath  fading  events. 

2)  Diversity  reception  looks  very  promising  as  an  effective 
tool  in  counteracting  these  distortion  effects. 

3)  Multipath  received-signal-level  statistics  can  be  used 
to  predict  the  frequency  and  severity  of  this  type  of 
distortion  on  a  1 ine-of-sight  path. 

4)  The  3-level-partial-response  modulation  system  used  here 
was  very  robust  in  terms  of  its  susceptibility  to  the 
severity  of  amplitude  distortion  observed  on  this  path 
during  the  measurements. 

Key  words:  selective  fading;  multipath  distortion;  microwave  radio;  digital  radio; 
diversity 


1 .  INTRODUCTION 

Multipath  fading  in  LOS  links  is  known  to  cause  short  term  outages  when  the 
signals  from  both  the  primary  and  diversity  radio  fade  below  the  bit  error  rate 
threshold  for  flat  fading.  In  addition,  outages  have  been  observed  which  occur 
at  relatively  high  signal  levels.  These  outages  are  often  attributable  to  in-band 
(selective)  fading. 

To  obtain  statistics  on  selective  fading  and  relate  them  to  flat  fading  infor¬ 
mation,  the  Defense  Communication  Engineering  Center  (DCEC)  provided  Institute  for 
Telecommunication  Sciences  (ITS)  with  tasking.  The  project  consisted  of  a  two  month 
test  by  ITS  to  assist  in  determining  the  effect  of  selective  multipath  fading  on  dig 
ital  1 ine-of-sight  microwave  links.  Data  was  collected  within  the  Digital  European 
Backbone  Stage  I  (DEB  I)  on  LOS  links  (see  Figure  1)  on  which  ITS  had  instrumenta¬ 
tion  installed  for  another  test  program.  Data  collected  on  this  selective  fading 
project  was  analyzed  at  the  ITS  laboratory.  These  results  are  needed  for  improving 
performance  and  design  criteria  for  wideband  digital  LOS  links. 


*The  author  is  with  the  Institute  for  Tel ecommuni cation  Sciences, 
National  Telecommunications  and  Information  Administration, 

U.S.  Department  of  Commerce,  Boulder,  CO  80303. 
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Specific  purposes  of  this  selective-fading  measurements  program  was  to  measure 
the  amplitude  distortion  and  other  related  parameters  in  order  to  answer  the  follow¬ 
ing  questions: 

1.  How  often  does  the  amplitude  distortion  occur? 

2.  What  is  its  range  of  severity? 

3.  What  effect  does  the  distortion  have  in  producing  errors  in 
the  DEB  I  system  (12.6  Mb/s)? 

4.  Can  the  year-long,  flat-fading  statistics  (recently  measured  for  these 
paths)  be  quantitatively  related  to  the  in-band  fading  statistics? 

In  order  to  answer  these  questions,  the  following  tasks  were  completed: 

1.  We  conducted  a  literature  survey  of  previous  work  accomplished 
in  the  area  of  selective  fading  on  LOS  links,  including  work 
published  by  Bell  Labs,  Bell  Northern  Research,  and  Collins  Radio. 

2.  ITS  instilled,  tested  and  calibrated  an  amplitude  distortion  measurement 
system  at  the  Mt.  Corna  site. 

3.  ITS  obtained  in-band  fading  data  over  a  two-month  period  on  the 
primary  and  diversity  radio  pairs  and  measured  various  signals  at 
selected  times  during  periods  of  multipath  fading.  We  continued 
to  monitor  and  record  the  distributions  of  received  signal  levels 
that  ITS  had  been  previously  monitoring  on  8  GHz. 

4.  The  signal  spectrum  data  were  analyzed  to  obtain  the  different 
values  in  dB  across  the  signal  frequency  spectrum  using  a  standard 
spectrum  obtained  during  a  quiet  received  signal  level  (RSL)  period 
as  a  reference.  In  order  to  obtain  distributions  of  the  values  of 
spectrum  slope  and  in-band  null  depths,  data  searches  were  made 

on  the  basis  of  frame/format  events  and  maximum  spectral  density 
differences  across  the  band. 

All  signal  digitizing  was  done  at  the  ITS  Boulder  Labs. 

The  data  was  analyzed  to  obtain  the  following  statistical  parameters: 

4.1  Distribution  of  spectrum  amplitude  distortion  observed  during 
periods  of  flat  fading. 

4.2  Distributions  of  selective  fade  durations. 

4.3  Distributions  of  rate  of  occurrence  of  selective  fading. 

4.4  Correlation  of  flat  fade  depth  with  the  presence  of 
frequency  selective  fading. 

4.5  Correlation  of  frame  loss  and  format  violation  events  with 
selective  fading  events. 
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2.  PREVIOUS  WORK 

Much  work  has  been  done  to  investigate  the  effects  of  selective  fading  on 
digital,  LOS,  microwave  systems,  for  example  (Dougherty  and  Hartman,  1977),  (Ander¬ 
son,  et  al.,  1978),  etc.  The  effort  has  resulted  in  combiners  and  equalizers 
which  have  greatly  alleviated  the  effects  of  the  distortion.  A  brief  description 
of  the  mechanisms  at  work  on  LOS  systems  is  provided  by  Smith  and  Osterholz  (1979) 
pp.  15  -  26.  The  model  presented  by  Smith  and  Osterholz  indicates  that  the 
distortion  will  be  particularly  bad  for  long  LOS  paths  for  two  reasons.  The  first 
reason  is  that  the  direct-path  RSL  is  faded  substantially  below  the  median  for  a 
much  larger  fraction  of  the  time  than  it  is  for  short  LOS  paths.  The  second  reason 
is  that  the  potential  for  time  dispersion  between  signal  components  is  much  greater 
on  long  paths  than  on  short  ones. 

3.  INSTRUMENTATION  AND  TEST  OPERATIONS 
The  purpose  of  this  section  is  to  provide  a  description  of  the  instrumentation 
system1  used  to  measure  and  record  spectrum  amplitude  distortion  and  other  related 
signals  of  interest.  The  mode  in  which  the  instrumentation  was  used  is  also 
described. 

The  three  links  converging  at  Mt.  Corna  (Cimone-Corna,  Venda-Corna,  and 
Paganella-Corna)  operate  in  a  space  diversity  mode.  The  ITS  instrumentation  was 
all  located  at  Mt.  Corna  and  it  had  the  capability  of  looking  at  only  the  two 
receivers  associated  with  one  of  the  paths  at  any  given  time.  The  observations  on 
the  Paganella-Corna  path  were  very  brief  since  very  little  multipath  fading  is 
observed  on  this  path  and  for  this  reason  it  was  abandoned  for  testing  (Fig¬ 
ures  2,  3,  4).  The  two  receivers  associated  with  each  path  are  designated  the 
"A"  and  "B"  receiver.  For  these  paths,  the  "B"  receiver  is  the  primary  one  and 
it  is  connected  to  the  lowest  antenna. 

The  Cimone-Corna  path  was  monitored  for  approximately  three  weeks  (the  last 
part  of  April  and  the  first  part  of  May  1980).  On  May  8,  1980,  the  instrumentation 
was  connected  to  the  Venda  receivers.  The  instrumentation  was  switched  only  once 

^'Certain  commercial  equipment,  instruments,  or  materials  are  identified  in 
this  paper  to  specify  adequately  the  experimental  procedure.  In  no  case 
does  such  identification  imply  recommendation  or  endorsement  by  the 
National  Telecommunications  and  Information  Administration,  nor  does  it 
imply  that  the  material  or  equipment  identified  is  necessarily  the  best 
available  for  the  purpose." 


Instead  of  frequently  between  paths  (as  was  originally  planned)  because  of  the 
difficulty  in  verifying  connections  as  well  as  the  upsetting  of  communications  oper¬ 
ations.  As  seen  in  Figure  4,  there  was  little  fading  during  the  last  two  weeks  in 
April  on  the  Cimone-Corna  path.  No  significant  data  were  obtained  on  the  Cimone- 
Corna  path  until  May  7,  1980.  This  7-hour  (2000-0300)  data  set  is  available  but  it 
was  not  digitized  and  analyzed  in  detail  since  it  consisted  of  short  periods  of 
moderate  fading.  Resources  of  time,  money,  and  specialized  computer  system  access 
were  exhausted  even  before  completing  the  analysis  of  all  of  the  Venda-Corna 
magnetic  tapes.  Visual  observation  of  the  May  7-8  data  showed  2  hours  of  signif¬ 
icant  multipath  amplitude  distortion  (slcpts  across  the  IF  band  greater  than 
0.2  dB/MHz).  The  preponderance  of  slopes  was  negative  as  in  the  case  with  the 
Venda-Corna  path.  Maximum  multipath  fading  depth  for  the  period  was  30  dB.  No 
diversity  switching  was  observed  during  the  7-hour  period. 

The  instrumentation  is  shown  by  block  diagram  in  Figure  5.  The  purpose  of 
each  major  instrumentation  module  is  shown  in  Table  1;  each  major  item  is  identi¬ 
fied  in  Table  2.  Table  3  lists  the  major  instrumentation  interconnections. 

The  equipment  which  ITS  had  been  operating  for  monitoring  RSL  on  the  three 
8  GHz  links  during  the  previous  year  were  kept  in  operation  for  the  two  month 
duration  of  these  tests  so  that  a  relationship  between  the  long-term  flat-fading 
statistics  and  the  short  term  in-band  fading  statistics  might  be  established.  On 
May  26,  the  strip  chart  recorder  used  for  RSL  measurements  failed  and  was  not 
available  in  June. 

The  instrumentation  system  is  very  simple  in  its  configuration.  An  AGC  IF 
amplifier  is  used  to  keep  power  levels  constant  into  the  spectrum  analyzer  in  order 
to  prevent  rapid  flat  fading  from  appearing  as  amplitude  distortion.  A  complete 
sweep  through  the  IF  spectrum  takes  a  minimum  of  1/2  second  if  the  spectrum  adjust¬ 
ments  are  set  so  that  the  spectrum  analyzer  remains  in  calibrated  operation.  The 
settings  used  during  the  distortion  measurements  are  shown  in  Table  4. 

Calibration  was  done  once  each  day  on  the  channels  corresponding  to  the  spectrum 
analyzer,  the  normalizer  and  discrete  events.  Daily  operations  were  as  follows: 

1.  The  spectrum  analyzer  and  the  normalizer  channels  were  calibrated 
during  a  multipath  quiet  period  of  the  day,  usually  (1400-1500), 
and  the  standard  spectral  density  function  envelope  was  set  into 
the  normalizer  memory. 

2.  The  recordings  were  started  between  1800  and  2000  and  the  playback 
output  of  each  channel  was  checked  to  see  that  all  channels  were 
recording  properly. 
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♦This 


diagram  shows  ths  instrumentation  for  the  "B" 
The  one  for  the  "A"  reov.  is  the  same  design. 


recv. 


Figure  5.  Instrumentation  used  to  measure  and 
record  selective  fading  at  Mt.  Corna. 
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Table  1.  Instrumentation  Purposes 


Block 

Diagram  No. 

Name 

Purpose 

1 

Radio  Receiver 

Provide  long-path  radio  signal  parameters 
during  multipath  conditions 

2 

40  dB  Linear 

Amplifier 

Increase  the  IF  level  obtained  from  the 
sampling  point 

3 

IF  Amplifier 
with  AGC 

Normalize  the  spectral  density  function 

4 

Spectrum  Analyzer 

Provide  frequency  reference  (saw-tooth)  and 
the  spectral  density  function  envelope 

5 

20  dB  Attenuator 

Provide  isolation  between  the  Spectrum 
Analyzers 

6 

Normal izer 

Provide  a  tool  for  data  checking  and  editing 
in  the  field  on  the  basis  of  distortion  level 

7 

Marker  Signal 

Generator 

Provide  a  frequency  marker  for  data  pro¬ 
cessing  use 

8 

Potentiometers 

Condition  signals  for  compatibility  with  the 
magnetic  tape  recorder 

9 

DC  Amplifier  and 

Zero  Offset 

Condition  signals  for  compatibility  with  the 
magnetic  tape  recorder 

10 

Analog  Magnetic 

Tape  Recorder 

Record  the  IF  Spectrum  Envelopes  and  the 
various  signals  associated  with  amplitude 
distortion  of  the  spectrum 

11 

Time  Code  Generator 
and  Reader 

Record  "Z"  time,  for  data  analysis,  checking, 
and  editing  purposes 

12 

Storage  Scope 

Provide  a  tool  for  data  checking  and  editing 
in  the  field 

13 

Pulse  Multiplexer 

Condition  signals  for  efficient  tape  channel 
use 

14 

Pulse  Stretcher 

Condition  3-level-error  and  reframe  signals 
for  recording  system  requirements 

15 

8-Port  Mux 

Provide  3-level-error  and  reframe  indicator 
signals 

10 


Table  2. 


Instrumentation  Identification 


No. 

Name 

Mfg.  and 

Model  No. 

Serial  No. 

"A"  “B" 

1 

Radio  Receiver 

Collins 

AN/ FRC-1 65 (V) 

MTC  01 9A 

PAG  01 OA 

MTE  Oil A 

2 

40  dB  Linear 

Amplifier 

Avantek 

UT8-2211M 

12  13 

3 

IF  Amplifier 
with  AGC 

Collins 

22E4G-MW 

741  750 

4 

Spectrum  Display 
Analyzer  IF  Sec. 

RF  Sec. 

H-P  1 41 T 

8552B 

8553B 

1337 A-  1320A- 
08018  05582 

5 

20  dB  Attenuator 

Narda 

6 

Normal izer 

H-P 

8/hOA 

946A-  2005A 
02316  02356 

7 

Marker  Signal 

Generator 

8640B 

1431A02425 
(common  to 

A  and  B) 

8 

Potentiometers 

NT 1A/ ITS 

9 

DC  Amplifiers 
and  Zero  Offset 

NTIA/ITS 

10 

Analog  Magnetic 

Tape  Recorders 

Honeywel 1 

5600C 

11 

Time  Code  Gen. 
and  Reader 

Datametrics 

SP-425-A/B 

760 

(Common  to 

A  and  B) 

12 

Storage  Scope 

H-P 

17 44 A 

1926A00937 
(Common  to 

A  and  B) 

13 

Pulse  Multiplexer 

NTIA/ITS 

14 

Pulse  Stretcher 

NTIA/ITS 

15 

8-Port  Mux 

VI  COM 

AN/FCC-97 

11 


F 

s 

T3 

<D 

o 

i  cn 

o 

;  C 

« 

1 

CX 

o 

r— — 

4-> 

<u 

> 

o 

0) 

— 1 

1 

: 

CO 

c: 

o 

E 

f  -*-  4- 

3 

4->  O  r— 

£ 

U  rtj 

<u  a>  c 

O 

c  a.  o> 

<D 

[.  c  >*•*- 

Ll.  Q. 

O  H-  GO 

»— i  GO 

cj 

U 

a> 

4-> 

c 

c 

o 

-*-> 

4-» 

e 

a. 

1 

5  is 

3 

<a 

i- 

ll.  rs 

-M  4-> 

CO  c 

4J 

1  c  i- 

**  CO 

•  o 
a. 

s. 

1 

o  WO 

O  N 

'PO  co 

£ 

<o  <u 

uj  z 

z:  o 

u 

CM  O 

< 

cm 

CO 

a> 

S 

r— 

co 

.o 

: 

1—  0) 

i_ 

u 

O  • 

> 

> 

s  U 

0) 

<  0) 

a 

s  a: 

i 

4-> 

■M 

U 

3 

a»  c 

a.  e 

w  o 

O 

•p* 

3  i- 

Q  •*-* 

O  4- 

M- 

O  r- 

M 

<0 

3= 

a>  c 

z: 

<=  O) 

fTJ  *p“ 

o  u. 

Z  GO 

L .  

i§  <§  J!  d 

T3  -O  *0  -O 

O  O  O  O 

co  co 

i  i  i  i 


■a 

(DO)  O) 

4->  to  +•> 

ro  I—  fO 

o  3  a 

O-  •!— 

-a  T3 

CO  c  <U 

•fD  <A 

2>  r— 

CO  CO  3 

t-  cn  **—  a* 

4->  •  4->  O 

Cr-  C  Q 

a»  +•  a)> 

>  >m 

UJ  (O  UJ  + 


r-  -a 

o  c 

>  o 

r-  ^ 

CO 

o  -* 

-P  (Op- 

a> 

O  Q.  CO 

•  o^ 

X  -p*  “O 

o  o 

S-  ^  -f- 

0.(0  U 
a.a  <u 

<C  0.0. 


« —  u 

H-  (O  C 
O  S-  3 
«4->  <4- 

<u  o 

Q.  <D  >v 

o  a.<4-> 

i—  CO 
a>  co 

>  a;  c 
c£  aj 
Ui  +J  T3 


a.  n  oo 

E  =C  , 

(O  Li. 

OC  •—  »-h 


U 

a> 

a. 

to 

a> 

o  •  • 

c  -o  u 

^  P  3 

s-  go  o 
0)  0) 

>  4-  C  «0 

N  (O  <4-  a> 

X2  -p-  <U  • 

uo  *»-  cq  a)  a 

co  go  “O  CQ  GO 


• 

C  <4- 

c\j  a> 

a.  u 

co 

CM  o 


I  • 

c  U- 

CM  0) 

O.  U 

CO 

CM  0% 


■4-J  t- 
•*-  O. 


GO 

•* 

-J 

Dr  3 


s-  s_ 

o  o 

a.  X  Cl.  X 

I  3  13 

00  3E  COS 


(J  s- 

c  <u 

<U  N 

3-  £ 

d>  <o 


CTr-  0“f— 
0)  <Q  d>  iO 

U  C  S-  C 

Lu  <£  Ll.  C 


a 

U  >i  CL 

aj  -m  o 

Ol-»—  ^ 
C/0  co  <u 

c  > 
u.  cu  c 

H-OUJ 


O  Ll.  10(0 

M  vo  Z. 


o  o 

>  O  II 
\  > 
co  a> 
■oio  o» 
•  c 

O  CVJ  <0 
C\J  |  oc 


X  C 

<u  o  •*- 

e 

C  CO 
(0  *r»  r— 

-C  -o 

O  II 

CO 

4->  -o  -a 

r—  O 

omt- 

>  —  s- 

a> 

r—  II  a. 


a> 

-»->  E 
c  >  <0 
a>  a;  s-  -c 

> »—  4-  4-» 

0)  i  <u  o 
co  oc  co 
o 

C  II  i(  (I 

II  uuo 

O  O  Q 


r-OOr— 
I  I  +  + 


r—  * 

O  IQ  (/) 

>  a>»— 

a. 

■ —  ii 

+  o 
+-> 

o  o 

V 

<0  u 

r—  a;  <y 

I  Q.  CX 


♦ 

^  (/) 
4->  «  f— 
*—  0) 
o  aw 
>■ 

o 

r— •  -a 

a 

o  -*  -7- 
•M  <0  S- 

a)  a> 
o  aa 


+->  c 
to  0) 
«  E  O* 
#—  O 
qj  x  a> 

>  4-  T3 

a>  o 

r—  4->  u 

il-i 

<0  3 

co  o  «*-> 


o> 

(0  * 
-*->  to 
•—  •  B 
o  c 


<D  C 

4J  O 

0)  to  ••— 
t-r- 
L)  <D  tJ 
CO  >  X 

•r-  01  3 

Q  r—  Q 


Q>  f—  C 

am  o 
o  £-  •*“ 

r—  X>  4J 

<u  o  a 
>  oj  c 
e  a.  3 

LU  t/>  4— 


0) 

■o 

i- 

<u  o 

CL  U 
10  0) 
h-  oc 


X 

0) 

*0 

X 

<y  o 

a.  u 

<0  d) 

1—  oc 


u  3 

<v  c  a. 

x  o  +* 

•f-  *»-  3 

Q  4->  o 


CL  g 

4-»  O 

3  t- 

O  4- 


O  •— 

ii  -j 

(T3  <S1 

Z  CO  oc 


ofl 

ai 

1  to  s  to 
>  i-  <0  +j 
OJ  O  fc-  c 

r-  S-  4-  <U 
I  L-  d)  > 
ro  01  QC  LU 


g  U  4J 
3  <U  o 
X  N  O 
4J  >^h- 
L>  r—  I 
01  fl  5 
a.  c  <0 
co  <c  00 


•—  w  <0 

<0  >»  CL 

u  «*■>  o 

4J  •#-  *— 
O  t/1  (D 

a)  c  > 
a  oj  c 

OOQUi 


Period  values  for  the  tape  recorder  outputs  are  for  15/16  In/s  tape  speed. 


Table  4.  Spectrum  Analyzer  Setting  for  Normal  Operati 


Name  of  Setting 

Value 

Frequency 

70  MHz 

Bandwi dth 

300  MHz 

Scan  Width 

2  MHz/Di v 

Input  Attenuation 

10  dB 

Base  Clipper  "0" 

0 

Scan  Time 

0.1  s/Div 

Log  Ref.  Level 

-40  dBm 

Log  Linear  Select  Switch 

-6  dB 

Video  Filter 

100  Hz 

Scan  Mode 

Internal 

Scan  Trigger 

Auto 

Writing  Speed 

Standard 

3.  Recordings  during  the  night  usually  lasted  from  2000  the  previous 
evening  until  0400  the  following  morning.  In  a  few  cases,  power 
outages  during  the  night  prematurely  terminated  the  recordings. 

4.  In  the  morning,  the  previous  night's  recordings  were  played  back  at 
64  times  real  time  to  determine  maximum  distortion  on  the  tape, 
3-level-error  or  reframe  events,  and  RSL.  If  the  maximum  levels 

of  distortion  observed  were  of  the  same  order  as  routine  spectrum 
variations  observed  in  the  communications  system  (less  than 
0.2  dB/MHz),  the  information  was  noted  in  the  log  book  and  the 
tapes  were  erased  and  reused.  If  the  distortion  was  significant, 
the  reels  were  labeled  and  kept. 

The  distortion  recording  channel  was  used  only  for  field  data  editing  and  was  not 
used  in  the  digitized  data  analysis  except  as  a  comparative  check. 

4.  DATA  DIGITIZATION  AND  ANALYSIS 

The  analog  data  was  sampled  and  digitized  at  200  samples  per  second  per  data 
channel.  Each  IF  spectral  density  sweep  (Table  5)  was  given  a  number  consisting 
of  the  hour,  the  minute  and  the  sweep  within  the  minute,  for  example  1  0  34.  A 

number  of  average  values  of  spectral  density  corresponding  to  discrete  frequencies 
within  the  IF  band  were  calculated  for  each  spectral  density  sweep  (see  Table  5). 
This  table  shows  values  before  normalizing  them  by  subtracting  them  from  standard 
sweep  values.  These  values  were  obtained  by  averaging  samples  in  the  neighborhoods 
corresponding  to  the  various  frequencies.  Of  the  200  samples  per  second  digitized 
from  the  spectrum  sweep  channel,  100  were  ignored  due  to  the  1/2  second  period 
between  sweeps.  Of  the  remaining  100,  only  the  even  numbered  samples  were  saved 
leaving  50.  The  first  9  and  the  last  9  of  these  samples  were  ignored  in  order  that 
the  analysis  would  be  made  on  the  more  slowly  changing  part  of  the  spectral  density 
function.  The  remaining  32  samples  were  grouped  into  sets  of  4  which  were  averaged 
to  provide  8  points  corresponding  to  each  spectral  density  function  sweep.  In  order 
to  calculate  distortion  values  from  the  data,  it  was  necessary  to  determine  a  set  of 
points  representing  a  standard  spectral  density  function.  This  standard  was  usually 
selected  by  printing  out  the  sets  of  points  representing  the  sweeps  from  the  first 
minute  of  each  hour.  From  these  values  a  set  of  points  representing  the  standard 
sweep  was  derived  for  each  day's  data. 

The  selection  of  the  points  representing  the  standard  sweep  was  found  to  have 
a  pronounced  influence  on  the  distortion  values  calculated.  If  a  standard  sweep 
had  a  slope  bias,  of  course  all  the  distortion  values  were  biased  by  that  amount. 
More  importantly,  however,  the  noise  on  the  standard  sweep  adds  substantially  to  the 
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Table  5.  Typical  Spectral  Density  Representation 
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range  of  apparent  distortion.  This  effect  was  investigated  by  obtaining  time  dis¬ 
tributions  of  distortion  using  several  sweep  value  sets  as  standards.  One  effect 
observed  was  the  creation  of  a  narrow  vacant  zone  of  distortion  values  that  appears 
at  times  in  the  correlation  plots.  Similar  vacant  zones  were  also  caused  by  digitiz¬ 
ing  status  programming  error.  Each  sweep  was  normalized  by  subtracting  it  from  the 
standard  sweep.  From  this  set  of  differences,  a  minimum  value  was  selected  from  the 
differences  corresponding  to  the  two  edge  frequencies  (67.7  and  72.9  MHz).  A  maximum 
value  was  obtained  from  the  other  difference  values  for  the  sweep.  The  difference 
between  maximum  and  minimum  was  then  divided  by  the  corresponding  differences  in 
frequencies  to  yield  the  distortion  in  dB/MHz. 

Minimum  values  of  RSL  (Table  5)  were  collected  during  each  spectral  density 
sweep  period.  In  order  to  convert  RSL  into  fade  depth  below  the  long-term  median, 
each  RSL  value  was  subtracted  from  the  long-term  median  RSL  value. 

If  3-level  error  events  (format  violations)  or  reframe  events  occurred  during 
a  sweep  period,  the  events  were  counted  and  stored  in  correspondence  with  the 
sweep.  The  receiver-on-line  status  (primary  or  diversity  receiver)  was  also  stored 
with  each  sweep.  The  status  at  the  end  of  the  sweep  was  stored  as  being  the 
receiver-on-line.  From  these  values  of  distortion,  fade  depth,  3-level-error 
events,  and  reframe  events,  the  distributions  and  correlation  functions  were 
obtained  which  are  presented  in  the  results  section. 

5.  RESULTS 

Approximately  50  hours  of  recordings  were  returned  to  the  ITS  Boulder  labora¬ 
tories  for  analysis.  Of  the  50  hours,  approximately  half  were  for  quiet  hours 
showing  no  significant  distortion  or  fading.  Since  careful  editing  of  each  channel 
was  necessary  after  digitizing  the  data  in  order  to  eliminate  data  anomalies  caused 
by  software  and  hardware,  15  hours  of  data  analysis  are  presented  here.  This  data 
includes  the  hours  of  deepest  multipath  fading  observed  during  the  total  recording 
period.  The  results  are  presented  in  terms  of  time  distributions  of  amplitude 
distortion,  flat  fading,  distortion  event  durations  and  intervals  between  events. 

Four  hours  of  the  flat  fading  and  amplitude  distortion  are  presented  as  time  func¬ 
tions.  Correlation  plots  of  flat  fading  and  amplitude  distortion  are  also  presented. 
All  of  this  information  is  presented  in  Figures  6  through  20  and  Tables  6  through 
41. 

The  results  are  presented  in  three  sections.  Each  section  represents  five  hours 
of  data.  The  first  section  is  for  a  period  of  heavy  fading;  the  second  section  is 
for  a  period  of  moderate  fading  and  the  third  is  for  a  period  of  light  fading.  One 
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Figure  7.  Fade  depth  distortion  comparison  for  time  period  of 
29  May  1980,  0200-0300,  Mt.  Venda  to  Mt.  Corna. 
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Fiqure  10.  Fade  Depth  Distortion  Comparison  (Slopes  only)  for 
time  period  of  29  May  1980,  0100-0200,  Mt.  Venda 
to  Mt.  Corna. 
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Figure  13.  Correlation  of  spectrum  amplitude  distortion  to  fade  depth  for 
29  May  1980,  0200-0300,  Mt.  Venda  to  Mt.  Corna. 
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Figure  14.  Correlation  of  spectrum  amplitude  distortion  to  fade  depth  for 
28-29  May  1980,  2300-0400,  Mt.  Venda  to  Mt.  Corna. 
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Figure  16.  Fade  Depth  Distortion  Comparison  (Slopes  only)  for 
time  period  of  13  May  1980,  0100-0200,  Mt.  Venda 
to  tit.  Corna. 
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Figure  18. 


Correlation  of  spectrum  amplitude  distortion  to  fade 
depth  for  slopes  only,  12-13  May  1980,  2300-0400, 

Mt.  Venda  to  Mt.  Corna. 
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Fad©  Depth  (dB> 

Figure  19.  Correlation  of  spectrum  amplitude  distortion  to  fade  depth  for 
13-14  May  1980,  2200-0300,  Mt.  Venda  to  Mt.  Corna. 
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Absoulute  Value  of  Distort 


Figure  20.  Cumulative  distortion  distribution  (slopes  only), 
Venda-Corna,  28-29  flay  1980,  2300-0400  hours. 
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Table  6.  Cumulative  Distortion  Distribution  For  29  May  1980, 

2300-0400.  Mt.  Venda  to  Mt.  Corna,  Standard  Spectrum 
Sweep  No.  1  24  8  (Distortion  Values  Include  Nulls) 
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Table  10.  Cumulative  Distortion  Distribution  For  29  May  1980, 
0200-0300,  Mt.  Venda  to  Mt.  Corna,  Standard  Spectrum 
Sweep  No.  1  24  8  (Distortion  Values  Include  Nulls) 
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Table  12.  Distribution  of  Distortion  Event  Durations  and  Intervals 
Between  Events  for  the  Primary  Receiver  using  Standard 
Sweep  1  24  8,  Mt.  Venda  to  Mt.  Corna,  28-29  May  1980 
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Table  12.  (Cont.)  Distribution  of  Distortion  Event  Durations  and 

Intervals  Between  Events  for  the  Primary  Receiver 
using  Standard  Sweep  l  24  3,  Mt.  Venda  to  Mt.  Corna, 
28-29  May  1980 
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Table  13.  (Coat.)  Distribution  of  Distortion  Event  Durations  and 

Intervals  Between  Events  for  the  Diversity  Receiver 
using  Standard  Sweep  1  24  8,  Mt.  Venda  to 
Mt.  Corna,  28-29  May  1980 
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Table  13.  (Cont.)  Distribution  of  Distortion  Event  Durations  and 

Intervals  Between  Events  for  the  Diversity  Receiver 
using  Standard  Sweep  1  24  8,  Mt.  Venda  to 
Mt.  Corna,  28-29  May  1980 
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Table  14.  Cumulative  Distortion  Distribution  (slopes  only)  For  28-29 
May  1980  2300-0400,  Mt.  Venda  to  Mt.  Corna,  Standard 
Spectrum  Sweep  1  24  8 
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Table  16.  Cumulative  Distortion  Distribtuion  (slopes  only)  For 
29  May  1980  0000-0100,  Mt.  Venda  to  Mt.  Corna, 
Standard  Spectrum  Sweep  1  24  8 
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Table  17.  Cumulative  Distortion  Distribution  (slopes  only)  For 
29  Hay  1980  0100-0200,  Mt.  Venda  to  Ht.  Corna, 
Standard  Spectrum  Sweep  1  24  8 
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Table  20.  (Cont.)  Distribution  of  Distortion  Event  Durations  and 

IUUIC  '  _  r- _ 1..  £ _ n.rn.  Ml  Dural 


Table  20.  (Cont.)  Distribution  of  Distortion  Event  Durations  and 

Intervals  Between  Events  for  the  Primary  Receiver 
using  Standard  Sweep  1  24  8,  Slopes  Only 
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Table  23.  Sweeps  Showing  Distortion  Greater  than  0.5  dB/MHz 
on  the  Primary  Receiver 
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Table  24.  Sweeps  Showing  Distortion  Greater  than  0.5  dB/MHz 
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Table  26.  Cumulative  Distortion  Distribution  (Slopes  only)  for 
12-13  May  1980  ,  2300-0400,  Mt.  Venda  to  fit.  Corna, 
Standard  Spectrum  Sweep  1  0  15 


Table  27.  Cumulative  Distortion  Distribution  (Slopes  only)  for 
12  May  1980,  2300-2400,  Mt.  Venda  to  Mt.  Corna, 
Standard  Spectrum  Sweep  1  0  15 


Table  28.  Cumulative  Distortion  Distribution  (Slopes  only)  for 
13  May  1980,  0000-0100,  Mt.  Venda  to  Mt.  Corna, 
Standard  Spectrum  Sweep  1  0  15 
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Table  29.  Cumulative  Distortion  Distribution  (Slopes  only)  for 
13  May  1980,  0100-0200,  Mt.  Venda  to  lit.  Corna, 
Standard  Spoctrum  Sweep  1  0  15 
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part  of  the  data  is  in  terms  of  amplitude  distortion  slope  across  the  band  v 67 . 7 
to  72.9  MHz).  The  slopes  were  calculated  by  obtaining  the  difference  of  spectral 
density  amplitude  corresponding  to  the  two  end  points  of  the  IF  band  and  dividing 
that  difference  by  the  difference  in  the  corresponding  IF  frequencies.  This  anal¬ 
ysis  shows  most  of  the  distortion  (null  information  is  lost)  while  eliminating  much 
of  the  test  instrumentation  noise  from  the  data.  For  this  reason,  the  heavy  fading 
period  data  is  presented  in  both  ways  (maximum  distortion  measured  during  a  sweep 
and  distortion  measured  across  the  band). 

5.1  Heavy  Fading  Period 

The  first  results  presented  are  the  time  functions  of  flat  fading  and  distor¬ 
tion  obtained  for  early  morning  hours  from  the  Venda-Corna  receivers  (Figures  6  and 
7).  From  these  figures,  it  appears  that  nulls  in  the  frequency  spectrum  often 
correspond  to  the  flat  fading  nulls  since  the  slope  of  the  distortion  in  dB/MHz 
often  changes  sign  at  the  sample  corresponding  to  the  flat  fading  null  (Figures  6, 

7  and  8).  Figure  8  shows  a  detailed  example  of  this  change  in  sign.  The  null 
itself,  however,  occurred  between  sweeps. 

An  important  observation  obtained  from  these  functions  is  that  while  some  of  the 
distortion  seems  to  be  of  a  continuous  nature,  another  component  seems  to  be  discon¬ 
tinuous  (at  least  on  a  second  by  second  basis).  This  characteristic,  as  well  as  the 
fact  that  the  selected  sample  sweep  affects  the  average  amplitude  of  this  "discon¬ 
tinuous"  distortion,  leads  one  to  suspect  that  the  more  slowly  varying  short-term 
average  better  represents  the  amplitude  distortion  characteristic  of  the  path  as  a 
function  of  time.  A  large  number  of  analog  sample  playbacks  of  the  recorded 
envelopes  of  the  IF  spectral  density  functions  show  noise  on  these  functions  (Fig¬ 
ure  9).  For  this  reason,  the  data  was  reanalyzed,  ignoring  nulls,  measuring  only 
slopes  across  the  IF  band.  As  seen  from  Figures  10  and  11,  a  function  is  obtained 
which  is  very  much  like  the  short-term  average  of  distortion  values  based  on  maximum 
slopes  (Figures  6  and  7). 

From  Figures  6,  7,  10,  and  11,  it  becomes  clear  that  diversity  switching  has  the 
potential  for  being  very  effective  in  counteracting  the  effect  of  slope  distortion  as 
well  as  nulls.  Therefore,  it  is  very  important  that  the  switching  threshold  power 
ratio  of  the  diversity  switch  be  kept  small  and  that  switching  be  permitted  at  rela¬ 
tively  high  levels  of  received  signal  level  which  is  not  now  the  case  for  the  DEB 
receivers.  Table  6,  14,  26,  and  38  show  quantitatively  the  amount  by  which  the  DEB 
I  diversity  system  reduced  the  distortion  of  the  receiver-on-line  compared  to  the 
distortion  from  a  single  receiver.  This  reduction  can  best  be  observed  by  comparing 


the  distortion  distributions  for  the  primary  and  diversity  receivers  with  the  one 
for  the  receiver-on-line  (especially  the  column  for  number  of  samples  greater  than 
or  equal  to  particular  absolute  value  of  distortion).  This  comparison  shows  that 
the  DEB  I  diversity  system  provides  fairly  good  protection  against  large  values  of 
distortion  but  very  little  protection  against  the  smaller  values  of  distortion. 

Using  information  from  the  radio  manuals,  the  DEB  I  diversity  system  using 
the  FRC-162  radios  has  the  following  characteristics: 

1.  The  switching  threshold  power  ratio  (hysteresis)  =  5  dB. 

2.  The  system  will  not  switch  radios  until  the  receiver-on-line  fades 
down  to  approximately  -65  dBm  (about  30  dB  below  the  median  level) 
and  then  only  if  the  receiver-off-line  is  at  a  5  dB  higher  level. 

3.  The  switch  response  time  (the  period  between  an  event  which  will  cause 
switching  and  the  time  until  the  switch  starts  to  react)  is  approximately 
2  milliseconds.  (This  information  was  obtained  from  Mr.  James  Hefner  of 
Collins  Corporation.) 

Fade  levels  corresponding  to  the  various  switching  events  in  Table  22  confirm 
operation  roughly  consistent  with  the  combiner  characteristics  given  in  1  and  2 
above.  Consideration  of  the  combiner  properties  and  careful  observation  of  Fig¬ 
ures  10  and  11,  using  a  straight  edge  to  line  up  concurrent  fading  and  distortion 
events,  shows  how  little  of  the  potential  diversity  improvement  of  on-line-receiver 
distortion  avoidance  is  presently  being  realized.  It  must  be  stated  here,  however, 
that  for  this  system  (12.6  Mb/s)  the  additional  distortion  avoidance  hardly  seems 
needed  considering  the  very  few  frame  loss  events  shown  in  Table  22.  Figures  10  and 
11  show  that  the  distortion  occurs  in  events  (similar  to  fades).  If  the  combiner 
switches  in  a  manner  such  that  the  receiver-on-line  is  always  the  one  with  the  great¬ 
est  RSL,  the  effect  on  traffic  of  many  of  the  distortion  events  will  be  eliminated 
entirely  and  at  least  parts  of  the  others  will  be  reduced  in  magnitude.  If  the 
receiver-on-line  is  to  be  the  one  with  the  greatest  RSL,  certain  conditions  are 
necessary:  switching  must  not  be  disabled  at  high  RSL  levels,  the  switching  thresh¬ 
old  power  ratio  must  be  close  to  0  dB,  and  the  switch  response  time  must  be  very 
short  (a  few  milliseconds). 

Figures  12,  13  and  14  are  plots  of  distortion  values  at  the  fade  depth  at 
which  they  occurred.  These  three  figures  include  nulls  and  noise  with  a  small  band 
of  points  at  relatively  high  signal  levels  that  lie  above  a  small  "forbidden"  zone. 
The  points  that  lie  above  the  "forbidden"  zone  and  at  high  RSLs  were  introduced  by 
a  digitizing  error  introduced  by  an  optional  audio  signal  used  by  the  digitizer 
operator  to  determine  that  data  were  being  digitized.  These  figures  as  well  as 


Table  25  show  that  the  largest  values  of  distortion  are  associated  with  the  deep 
RSL  fading  nulls.  Figure  15  is  the  same  type  of  diagram  as  Figures  12,  13  and 
14  but  shows  slopes  only.  It  is  clear  from  Figure  15  that  the  distribution  of 
distortion  amplitudes  widens  rapidly  for  decreasing  signal  levels.  It  is  also 
clear  that  for  this  5-hour  period  the  distortion  slopes  are  primarily  negative 
and  generally  increase  in  amplitude  as  signal  level  decreases.  The  reason  for  the 
preponderance  of  negative  slopes  is  not  clear.  We  are  confident  that  it  is  a 
measured  effect  on  this  path  and  not  the  result  of  a  bias  introduced  by  test  equip¬ 
ment  operation  or  the  digitization  of  the  analog  data.  A  preferred  atmospheric 
structure  seems  to  exist  during  multipath  conditions  causing  a  preferred  range  of 
amplitudes  and  rf  phase  delays. 

The  data  set  for  May  28,  1980,  2300  hours  to  May  29,  1980,  0400  hours  is  also 
presented  in  terms  of  cumulative  distributions  of  distortion  values,  fade  depths, 
distortion  durations  and  intervals  between  distortion  events.  Tables  6  through 
13  present  these  distributions  with  noise  and  nulls.  Tables  14  through  21  present 
the  data  for  slopes  only. 

Selected  sets  of  values  for  this  period  are  presented  in  terms  of  maximum 
distortion.  The  first  set  (Table  22)  lists  the  sweeps  during  which  events  occur. 

The  event  types  are  a  change  of  receiver-on-line  status,  a  reframe  event,  or  a  3- 
level -error  event.  A  3-level -error  event  was  recorded  only  if  a  minimum  of  0.002 
seconds  had  passed  since  the  start  of  the  previous  one.  The  pulse  had  to  be 
stretched  to  this  period  so  that  the  recording  electronics  would  be  able  to  detect 
it.  The  same  conditions  applied  to  reframe  events.  The  second  set  of  values 
(Tables  23  and  24)  list  the  sweeps  during  which  distortion  exceeded  0.5  dB/MHz.  The 
third  set  of  values  (Table  25)  is  a  presentation  of  sweeps  during  which  flat  fading 
exceeded  35  dB. 

5.2  Moderate  Fading  Period 

Much  the  same  type  of  results  presentation  is  made  for  the  moderate  fading 
period  (May  12,  1980,  2300  hours  to  May  13,  1980,  0400  hours)  as  was  made  for  the 
heavy  fading  period.  Two  hours  of  time  functions  of  flat  fading  and  distortion  are 
presented  (Figures  16  and  17).  These  figures  presented  distortion  in  terms  of 
slope  across  the  IF  band.  The  same  is  true  for  Figure  18  which  is  a  correlation 
plot  of  distortion  in  terms  of  flat  fading.  These  three  figures  are  consistent  with 
the  heavy  fading  results.  Distortion  is  somewhat  less  because  there  is  less  flat 
fading.  These  three  figures  show  that  the  flat  fading  channels  of  the  recording 
system  become  unstable  at  high  signal  levels.  This  is  particularly  apparent  in  the 
plots  for  the  diversity  receiver  in  Figures  16  and  18.  The  narrow  vertical  strips 
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in  Figure  18  are  caused  by  the  flat  fading  digitizing  granularity.  These  strips 
also  appear  on  the  other  correlation  plots  and  vary  somewhat  depending  on  the 
slope  of  the  particular  calibration. 

Tables  26  through  33  are  time  distributions  of  event  durations,  distortion 
values,  and  fade  depths.  In  the  distributions  related  to  distortion,  distortion 
is  calculated  in  terms  of  slope  across  the  IF  band.  Tables  34  through  37  are 
selected  sets  of  values  for  the  moderate  fading  period  and  are  presented  in  terms 
of  maximum  distortion.  The  data  set  types  are  the  same  as  those  described  in  the 
heavy  fading  section. 

5.3  Light  Fading  Period 

The  light  fading  period  was  from  13  May  1980,  2000  hours  to  14  May  1980, 

0300  hours.  The  results  for  this  period  are  presented  in  terms  of  maximum  distor¬ 
tion  within  the  band  instead  of  slope  of  distortion  across  the  band.  The  manner 
in  which  the  distortion  is  presented  makes  little  difference  since  very  little 
distortion  was  observed.  Figure  19  is  a  correlation  plot  of  distortion  and  flat 
fading  depth.  As  was  the  case  for  the  heavy  and  moderate  fading  periods,  distortion 
slopes  were  predominately  negative  and  the  distribution  of  distortion  values  widens 
as  flat  fading  depth  becomes  greater.  Tables  38,  39,  and  40  are  the  time  distribu¬ 
tions  of  distortion  values,  flat  fade  depths  and  event  durations.  Table  41  indi¬ 
cates  that  there  were  no  3- level -errors  or  reframe  events  during  this  period  but 
that  there  were  receiver  switching  events. 

6.  CONCLUSIONS 

1_.  Consideration  of  the  data  in  Figures  15,  18,  and  19  shows  a  consistent  statis¬ 
tical  relationship  between  the  depth  of  RSL  fades  and  the  amount  of  amplitude 
distortion.  This  relationship  is  one  in  which  the  probability  of  large  distortion 
values  increases  with  increasing  fading  depth.  This  is  of  particular  interest 
since  the  data  in  Figure  15  shows  depressed  median  signal  levels  (approximately 
6  to  10  dB)  on  both  primary  and  diversity  receivers.  (See  Figures  10  and  11.)  This 
consistency  leads  one  to  conclude  that  a  useful  relationship  between  calculated  or 
measured  estimates  of  the  time  distributions  of  multipath  fading  and  distributions 
of  amplitude  distortion  can  be  made.  This  conclusion  holds  for  relatively  narrow 
band  systems  (up  to  approximately  50  MHz)  since  ultimately,  for  very  wideband  sys¬ 
tems,  there  will  not  be  any  significant  RSL  multipath  fading.  This  relationship 
should  contain  the  same  type  of  occurrence  factor  as  is  used  in  the  multipath  fading 
prediction  models.  The  nature  of  the  distribution  within  a  multipath  fading  period 
for  the  8  GHz  band  and  for  distortion  slopes  less  than  0.6  dB/MHz  is  considered  to 
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be  log  linear  (see  Table  14).  A  rough  cut  at  an  empirically  derived  relationship 
is: 

Pm  =  Q(J)  *  (d3‘5)  lO'56.  (1) 

This  expression  uses  the  occurrence  factor  suggested  by  Morita  (1970),  page  810. 

The  occurrence  factor  is  less  than  1,  such  that: 

Q(J)12(d35)<l.  (2) 

P  =  the  fraction  of  time  that  the  distortion  is  greater  than  a  given 
value  of  6  during  the  worst  fading  season 

6  =  the  distortion  in  dB/MHz.  (0<5<0.6) 

d  =  the  path  length  in  km.  (d>50) 

f  =  the  frequency  in  GHz.  (l<f<50) 

-9 

Q  =  2  x  10  over  mountains 

_q 

Q  =  5.1  x  10  average  terrain 

-7  0  5 

Q  =  3.7  x  10  (1/h)  over  water  and  coastal  areas 

h  =  average  path  height  above  ground  in  meters. 

An  estimated  occurrence  factor  value  for  a  path  may  be  derived  from  the  distribution 
of  flat  fading  data  obtained  during  the  worst  fading  month.  The  estimate  is  ob¬ 
tained  by  observing  the  fraction  of  time  that  flat  fading  exceeds  20  dB  during  the 
worst  fading  month  and  then  dividing  that  value  by  0.0069.  See  Hause  and  Wortendyke 

_Cr 

(1979),  p.  36.  The  slope  of  the  log  linear  distribution,  10”  ,  whose  probability 

of  occurrence  is  predicted  by  the  Morita  model,  was  selected  from  the  distortion 
(slope)  distributions  in  Table  14.  The  fraction  of  time  during  which  greater  than 
a  given  absolute  value  of  distortion  was  observed  is  plotted  for  both  the  diver¬ 
sity  and  primary  receivers  (Figure  20).  The  data  population  used  for  selecting 
this  distribution  is  small.  A  much  larger  data  base  is  required  to  make  an 
estimate  of  the  distribution  characteristics  in  which  one  can  legitimately  place 
a  high  degree  of  confidence.  With  these  qualifications  in  mind,  application  of 
the  distortion  prediction  equation  to  the  Venda-Corna  path  on  8.3  GHz  for  the 
worst  month  estimates  the  single-receiver  probability  of  distortion  greater  than 
0.2  dB/MHz  to  be: 

Pm  =  5. 1  (10)"9  (^-)1,2  (90. 2)3'5  10”5(0,2).  (3) 

Pm  =  .0085  of  the  worst  month,  but  without  diversity  improvement  as  mentioned 
above. 
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2.  We  conclude  that  for  DEB  I,  amplitude  distortion  for  this  narrow  band 
(approximately  14  MHz)  system  is  not  a  significant  factor  in  its  performance. 

(See  Tables  22,  34,  and  41.) 

Out  of  15  hours  of  data,  6  reframe  events  are  recorded  (much  less  than  12 
milliseconds  outage  time).  The  multiplex  has  a  reframe  recovery  time  less  than 
0.5  millisecond.  All  six  of  these  reframe  events  occurred  when  the  receiver-on- line 
indicated  a  distortion  value  equal  to  or  less  than  0.25  dB/MHz  and  four  of  them 
occurred  when  the  distortion  value  was  equal  to  or  less  than  0.1  dB/MHz,  which  in- 
diates  that  these  events  may  not  be  related  to  the  distortion  level  at  the  time  of 
the  event  since  higher  distortion  levels  are  observed  when  no  reframe  or  3-level- 
error  events  occur  (Tables  23  and  24). 

3.  Diversity  switching  is  a  very  effective  way  of  reducing  the  effects  of  ampli¬ 
tude  distortion  (Section  5.1).  Figures  6,  7,  10,  11,  16,  and  17  show  how  effective 
diversity  can  be  if  1)  the  switch  controller  is  properly  aligned;  2)  the  switching 
threshold  differential  is  low  enough  (<3  dB)  and,  3)  the  switch  is  set  to  operate 
at  high  as  well  as  at  low  signal  levels.  Diversity  switching  is  especially  useful 
in  reducing  the  effects  of  distortion  nulls  since  these  nulls  correspond  strongly 
to  the  RSL  fading  nulls.  See  Figures  6,  7,  10,  and  11. 

4.  The  distortion  changes  at  a  slow  enough  rate  so  that  the  combiner  response 
time  presently  available  is  sufficient  (Section  5.1). 

5.  Future  testing  needs  to  be  done  to  advance  development  of  performance  predic¬ 
tion  models.  In  order  to  carry  out  this  testing  and  development,  several  things 
should  be  done. 

a)  Obtain  a  large  population  of  differential  distortion  values  so  that  a 
better  estimate  of  the  characteristics  of  the  short-term  time  distribution 
which  pertain  to  multipath  fading  periods,  can  be  obtained. 

Some  of  the  things  which  can  be  done  to  maximize  the  amount  of  this  data 
while  minimizing  the  test  duration  are: 

1)  Obtain  data  using  a  radio  with  a  wide  frequency  spectrum  that  is 
fairly  flat  across  the  band. 

2)  Measure  long  links  (80  km  or  greater)  with  sufficient  terrain 
clearance  in  reasonably  warm,  humid  climates  where  the  difference 
in  antenna  heights  above  mean  sea  level  at  each  end  of  the  path 
is  small  enough  such  that  the  absolute  value  of  the  antenna 
elevation  angle  is  less  than  0.8  degree  at  each  end  of  the  path. 
(Draft  report,  Fading  on  long  LOS  8  and  15  GHz  paths,  L.G.  Hause.) 
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3)  Measure  the  amplitude  of  the  whole  spectral  density  function  or 
many  discrete  values  between  the  edges  of  the  spectrum  (not  just 
the  edge  values). 

4)  Measure  both  the  primary  and  diversity  receiver  spectral  density 
function  envelopes. 

b)  Obtain  data  that  will  result  in  a  prediction  method  for  estimating 
the  reduction  of  receiver-on-line  distortion  by  diversity  performance. 

To  achieve  this  end,  the  following  steps  are  recommended: 

1)  Obtain  time  corresponding  values  of  fade  depth  and  distortion 
on  primary  and  diversity  receivers. 

2)  Monitor  both  receivers  on  a  path  configured  with  a  typical 
space  diversity  system. 

3)  After  digitizing  the  various  data  and  time  channels,  use 
computer  programs  to  obtain  distributions  of  distortion  for 
the  receiver-on-line  for  various  values  of  diversity 
switching  threshold  differential. 

c)  Determine  the  sensitivity  of  the  radio  to  distortion,  by  monitoring 
receiver  switching,  frame  error  and  format  violations  or  events  to  determine 
the  susceptibility  of  the  particular  radio  system  to  distortion. 
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